Introduction: Tumor hypoxia triggers signaling cascades that significantly impact on biological outcomes, resulting in resistance to radio-and chemotherapy. Therefore, understanding the origin and extent of hypoxia in tumors is critical. Prolonged, severe hypoxia frequently results in necrosis. In this study, we have investigated the relationship between hypoxia, necrosis, and several metabolites, such as, lactate/lipid and total choline (tCho), in a human breast cancer model by combining in vivo magnetic resonance imaging (MRI) and magnetic resonance spectroscopic imaging (MRSI) with ex vivo optical imaging of hypoxia and necrosis. Methods: Human MDA-MB-231-HRE-tdTomato breast cancer cells, which were genetically engineered to express red fluorescent tdTomato protein under hypoxic conditions, were orthotopically grown in nude mice [1]. Both 3-dimensional (3D) water-unsuppressed MRSI to detect water and water-suppressed 3D MRSI to detect metabolites were performed. Inherently registered 3D T1-weighted images were acquired to measure the tumor anatomic structure as a reference for MRSI. Each tumor was then sectioned to obtain fiducially marked 2-mm thick slices, which were imaged by brightfield and fluorescence microscopy to visualize hypoxic tumor regions. Each 2-mm thick slice was cryo-sectioned into fiducially marked 10-um thick slices and hematoxylin/eosin (H/E) stained to visualize the necrotic area in the tumor. We performed 3D reconstruction of MRI/MRSI by using an in-house IDL program and 3D reconstruction of optical hypoxia and necrosis images of tumors based on the locations of the fiducial markers, including shape extractions and volume rendering. The 3D optical hypoxia images were registered to the H/E stained images based on the fiducial markers. The 3D optical brightfield images and the corresponding 3D hypoxic region and necrotic region were registered to high-resolution 3D tumor anatomic MRI T1-weighted images along with 3D metabolite images by combining rigid transformation and non-rigid b spline transformation (Fig A) . Regions where hypoxia, normoxia or necrosis overlapped with a given metabolite, which is defined as metabolite volume percentage (Fig B) , and the average metabolite concentrations (Fig C) in hypoxic, normoxic, and necrotic regions were measured.
A (1)(2)
